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Introduction :
The advancedor carbon-enhancednegativeelectrodelead acid batterymodulesare usedfor

renewableenergystorageapplicationsdueto their high cycle life, low costandsustainability,

However,thereis still a lot to understandin termsof reliability for grid services. Fourleadacid

batterymoduleshavebeentestedfor frequencyregulationandpeakshavinggrid services.

Objectivesof the Project
ÁDevelopa reliabletestingprotocolfor leadacidbatterymodulefor grid services.

ÁFundamentalunderstandingof degradationmechanismof LeadAcid Batterymodulewhile

usedfor grid services.

ÁCompareresultswith otherbatterychemistriesto determinea reliableapplicationspecific

batterytechnologyfor grid services.
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Future Work :

ÁThetestswill becontinueduntil batterydegradesto 40% of its initial capacity.

ÁThe resultswill be analyzedto characterizethe performancereliability of lead

acidbatterymodulefor grid services.

ÁThe sametestswill be conductedfor other batterychemistrymodulesand the

resultswill compared.

Figure 1: Carbon Battery (Ref: C&D technologies) 

× Capacity loss can be observed with increasing duration.

× Battery capacity degradation is not affected by duty cycle. Battery degradation 

rate nearly the same for idle mode and operation mode.  degrades the battery 

capacity same as duty cycle.

× Energy  and capacity throughput degrade the battery to the same extent. 

× Since  RTE has remained almost same throughout the cycles , the capacity loss 

is due to the loss of active material. 

× Recovery in capacity probably associated with reconversion of dead zones 

related to insulating PbSO4 back to Pb at negative and PbO2 at positive for 

modules with minimum SOC at 50%

× This does not happen when the low end of SOC is 37% - more difficult to 

convert PbSO4 
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Test Plan for Battery Modules
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Cumulative Discharge Energy (Wh)

Discharge Capacity Retention Vs Wh mileage 

PS C/2 rate

PS C/8 rate

FR (80-60)%

FR (57-37)%

Peak Shaving Duty Cycle  (2 modules  are tested) 
Depth of Discharge 50%
Initial SOC 100%
Average discharge current (A) C/2,C/8
Discharge power (Watt) 730, 248
Average Charge Back rate (A) C/8
charge back power(Watt) 265
Total duration for each PS cycle (hr) 10, 13

Frequency regulation (2 modules are tested)
Depth of Discharge 20%
Initial SOC 80%, 57%
Ending SOC 60%,  37%
Discharge Duration (hr) 24
Discharge power (Watt) 1090
Average Charge Back rate (A) C/10
Total duration for each PS cycle (hr) 30
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Results and Discussion: 

Model C&D battery SHC 12-200 Feet 

Specifications
Capacity @ C/20 (Ah) 172
Charge voltage cutoff (V) 14.1
Discharge voltage cutoff (V) 10.8
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